Summary. HLA type, time of year of diagnosis, and age at diagnosis were studied in 52 new cases of Type 1 diabetes in Seattle, Washington. Diagnosis was found to be seasonal in diabetic patients positive for DR3 (p < 0.005), with the expected marked reduction in new cases during the summer months. This seasonality was not age-related (p>0.13). Cases who were DR3-negative did not show significant seasonality of diagnosis (p> 0.5). However, when age at diagnosis was adjusted for, a seasonal effect was found in the DR3-negative group (p< 0.006), with older cases favouring a spring onset and younger cases favouring an autumn onset. Thus, DR3-positive cases showed a seasonal diagnosis pattern that did not depend on age, while DR3-negative cases showed an age-dependent seasonal pattern. These differences may reflect the predominance of different aetiological mechanisms in these two genetic groups.
The onset of Type 1 (insulin-dependent) diabetes follows a seasonal pattern, with increased incidence of new cases in the autumn and late winter, followed by a nadir during the summer [1] [2] [3] [4] [5] [6] . This pattern appears to be inverted in the southern hemisphere [7] and may not be present in children who develop diabetes in their pre-school years [5, 8] .
Certain HLA antigens are now known to be associated with an increased risk of Type 1 diabetes [9, 10] . However, the primary mechanisms of B cell damage may differ in patients with different HLA phenotypes [11, 12] . In this study, we have investigated whether certain HLA specificities mark subgroups of Type 1 diabetic patients with different patterns of diagnosis, taking into account a possible relationship between season and age at diagnosis.
Subjects and methods
We studied 54 unrelated cases of newly diagnosed Type 1 diabetes, with a diagnosis between March 1976 and March 1981, who volunteered for a prospective study [13] . All patients were between 5 and 20years of age at diagnosis; the median age at diagnosis was 10.5 years. Forty-eight patients were typed for HLA-DR and 31 were typed for HLA-D. The four patients typed for HLA-D, but not DR, were all HLA-D3-negative and were assumed to be DR3-negative * Present address: City Hospital, Nottingham NG5 1PD, UK also. This assumption was felt to be reasonable since among 18 D3-negative patients who were also DR typed, only one was DR3-positive. Further, no set of reclassifications for those four patients and subsequent repeat analysis would materially alter our conclusions. Serological typing for DR was performed by standard methods [14, 15] . Typing for HLA-D was performed using HLA-D homozygous typing cells as previously described [16] .
Statistical analysis of this data presents special problems, since time of year should be treated as a circular variable (December 31 being adjacent to January 1). For testing for seasonality, versus a null hypothesis of uniformity, the non-parametric test developed by Hodges and Ajne was applied [17] . The seasonal patterns for DR3-positive versus DR3-negative cases were compared using an approximation to the permutation distribution of a rank-based statistic [18] .
Since age is a linear variable, the joint distribution of age and time of year of diagnosis can be considered as residing on a cylinder. Accordingly, the regression model of Gould [19] was applied to study the relationship between age and time of year of diagnosis. This model allows the mean of the circular variable (time of year) to depend on age in a linear way. Significance tests for the regression analyses were based on the approximately chi-squared likelihood ratio statistic, following application of Gould's model. The p-values given are twosided.
The regression line plotted is based on maximum likelihood estimates of the regression parameters. For the figures, the consecutive years of the study have been collapsed to 1 year.
Results
Twenty-four patients (46%) were DR3-positive, 37 (71%) were DR4-positive and 14 (27%) were positive for both DR3 and DR4. Dates (i. e. time of year) of diagno- sis showed a statistically significant non-uniformity (p<0.002), with a pattern similar to that reported by others (Fig. 1) . When the data were partitioned according to the HLA-DR phenotype, we found significant non-uniformity in the dates of diagnosis for the 24 DR3-positive cases (p< 0.005), but not in the remaining 28 DR3-negative cases (p>0.50; Fig.2A and B) ; and the difference between the distributions for patients with DR3 versus those without was significant (p< 0.04).
Males and females were similar in their times of diagnosis. In addition, we explored the relationship between age at diagnosis and date of diagnosis and observed a tendency (0.10 <p< 0.13) for younger cases to have their diagnosis in the autumn and older cases to be diagnosed in the winter (Fig. 3) . When the sample was divided according to DR3 type, the relationship was apparent (p < 0.006) in the DR3-negative group (Fig. 4 B) , but not evident at all (p>0.13) in the DR3-positive group (Fig. 4 A) .
Discussion
To our knowledge, only four previous studies have investigated whether seasonal onset of Type 1 diabetes varies with HLA type. Rolles et al. [21] studied 56 cases of Type I diabetes. They found significant non-uniformity in the month of diagnosis for the cases positive for HLA-B8 (then designated HL-A8), but not in the B8-negative cases. Barbosa et al. [22] were unable to confirm Rolles' finding [21] . However, Rolles' sample was derived from a children's hospital, while Barbosa studied juvenile-onset diabetes patients with microangiopathy and onset before 35 years of age, suggesting that the two populations may differ. Cudworth et al. [20] studied a paediatric sample of Type 1 diabetic patients and noted that B8/B15 combination cases seemed prone to onset in winter, rather than autumn. The report did not compare seasonality of onset for HLA-B8-or DR3-positive versus negative patients. In the report of the Eighth International Histocompatibility Workshop [23] , HLA-DR4-positive patients were described as significantly more likely to have had their onset during the last 3 months of the year. This finding was described as tentative, since many other combinations of months can be considered (and this multiplicity was not adjusted 201 for) and since data from different centres had been pooled for the analysis. Our sample did not provide strong support for this hypothesis; however, we do not feel that our data allow precise determinations of time of onset of diabetes. We compared DR3-positive and DR3-negative diabetic patients, rather than BS-positive and B8-negative, since evidence suggests that B8 is a risk factor only because it is in linkage disequilibrium with DR3 [9] . Our data showed significant evidence of seasonality in diabetic cases who were DR3-positive and no significant evidence of seasonality in DR3-negative cases, confirming the earlier finding of RoUes et al. [21] .
While the patterns of times of diagnosis were somewhat different for DR3-positive versus DR3-negative cases (Fig. 2) , it would be simplistic to summarize the differences by a claim that seasonality is characteristic of DR3-positive but not of DR3-negative cases. Perhaps the most striking difference suggested by our data is that the bimodality evident in the DR3-positive group (Fig. 2 A) seems to be absent in the DR3-negative group (Fig. 2 B) . In the DR3-positive sample, the 2-month period centred in late December showed as low a density of new cases as was seen in May; no such winter nadir appeared in the DR3-negative data. The summer time patterns were more similar. In both groups, the drop-off in new diagnoses was steepest in April. By August, the incidence of new cases had returned to winter rates in the DR3-negative group, while the DR3-positive group showed a slightly later increase.
The differences seen in the seasonal patterns of diagnosis for DR3-positive versus DR3-negative cases of Type 1 diabetes suggest a genetic influence on time of year of diagnosis. DR3-positive cases may form a relatively homogeneous group, representing a subcategory of Type 1 diabetic patients that is aetiologically more homogeneous than the DR3-negative type. Perhaps the two modes of the distribution for DR3-positive cases reflect two pathogenic processes, while the disease in the more heterogeneous DR3-negative cases is either due to more than two causal pathways, or to the same aetiological factors but with a more variable latency of effect.
The relationship that we have observed in the DR3-negative group between age and time of year at diagnosis is intriguing, but must be confirmed. If real, such a pattern could reflect an association with an infectious disease that appears in late summer in the younger population, and then moves over to the high schools and the adult population later in the year. Alternatively, an initiating aetiological event could occur fairly simultaneously throughout the population, but have a latency of effect that is strongly dependent on age in DR3-negative pre-diabetic subjects.
